• A number of important results on microbunching instability were obtained in experiments performed by our colleagues at SDL in previous years:
-T. Shaftan and Z. Huang, Phys. Rev. ST Accel. Beams 7, 080702 (2004 Introduction: Microbunching Instability at SDL
• Microbunching instability can be seeded by both the shot-noise and temporal modulation of photocathode laser (in photoinjectors).
• The SDL photoinjector has a small microbunching gain ~100. Therefore, the only source of detectable microbunching is the laser modulation.
• We experimentally checked this assumption. 
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The transform-limited 100 fs-long laser pulse used in the experiment.
Spectra of uncompressed (left plot) and compressed (right plot) beams. 
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Controlled Laser Seeding
• Chirp the laser pulse (chirp rate b) and then split the chirped pulse into two pulses.
• Delay one pulse by a variable interval τ with respect to the other.
• Recombine two pulses.
• The resultant output pulse has a Gaussian envelope modulated by a cosine function that is easily tuned by varying τ or b.
Temporal profiles of the photocathode drive laser pulses for different time delays.
Measured longitudinal distributions at the spectrometer (top row) and projected electron density distribution (bottom row) for a temporally modulated electron bunch.
• We modulate electron bunch in a controlled fashion.
• We perform zero-phasing measurement to find beam density modulation.
• We find the microbunching gain by taking the ratio of measured amplitudes of density modulation of the compressed and uncompressed bunches.
The zero phasing of the 90 pC beam produced by the longitudinally modulated photocathode laser. The wavelength of the induced modulation is about 60 um.
The zero phasing of the compressed 90 pC beam. The BC compression factor is 2.5.
Energy Modulation or Density Modulation
• Energy modulation can be misinterpreted as density modulation.
• Partial tomography (zero-phasing was done at two opposite phases at several amplitudes) proves that it is not the case.
Strong energy modulation (simulations) would lead to asymmetry between opposite zero crossing phases. Experiment shows mirror symmetry for opposite zero-crossing phases.
• Increasing the zero-phasing amplitude did not affect the depth of the observed modulation.
• The THz interferograms (for beams with close parameters) show that electron bunch spectrum accurately represents the bunch density modulation.
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• We measured the microbunching gain by dividing the modulation amplitude of the compressed beam on the amplitude of the uncompressed beam.
• We used the bunches of several charges modulated with various frequencies and amplitudes.
• The error bars at high gain values are mostly driven by shot-to-shot variations; at low gain, the error is determined by both these variations and the background noise.
